1. Introduction {#sec1}
===============

Whole or part of appendix vermiformis being inside an inguinal hernia sac is termed as Amyand\'s hernia. Amyand\'s hernia is very rare, constituting about 1% of all hernia cases and 0.1% of all acute appendicitis cases.[@bib1] Amyand\'s hernia\'s clinical signs and symptoms typically resemble those of incarcerated inguinal hernia and thus most patients are operated with a preliminary diagnosis of incarcerated or strangulated inguinal hernia.[@bib1], [@bib2], [@bib3] Hence, a preoperative diagnosis can be made with an ultrasonography (US) or contrast-enhanced computerized tomography (CT) in a very small proportion of patients.[@bib1], [@bib2], [@bib3] Amyand\'s hernia may remain asymptomatic and complication-free for years. However, the appendix vermiformis may be strangled by hernia sacs with a narrow neck, which may result in signs and symptoms of appendicitis, perforation, or peritonitis.[@bib1], [@bib2], [@bib3] The treatment of an Amyand\'s hernia typically varies whether the appendix vermiformis in a hernia sac is complicated or not. Detection of an appendiceal tumor inside an Amyand\'s hernia is an extremely rare situation, and only a few cases have been reported.[@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11] In this study, we aimed to report a 64-year-old man who was found to have a carcinoid tumor inside an incarcerated Amyand\'s hernia sac.

2. Case report {#sec2}
==============

A 64-year-old man presented to our emergency department with severe pain in the right inguinal region. He states that the swelling had begun two years ago, and it had spontaneously disappeared and returned from time to time but had intensified for the last two days. Apart from congestive heart failure, he had no history of chronic prostatism or chronic obstructive pulmonary disease. An upright physical examination revealed bilateral inguinal hernia. Apart from an unreductable inguinal hernia, no other sign to suggest strangulation was detected on the right side. Biochemical studies and full blood count revealed no abnormality. An upright plain radiography showed no air-fluid levels. Ultrasonography of the right inguinal region showed intestinal loops with reduced peristaltism inside a hernia sac. In the light of available clinical manifestations and ultrasonographic features, a diagnosis of incarcerated right inguinal hernia was made, and the patient was urgently taken to the operation theatre. After a right inguinal incision was made, spermatic cord and its contents were returned with a part of Penrose drain. The indirect hernia sac adhered to the cord that contained intestinal loops was isolated. After opening the sac, an edematous appendix vermiformis and a short ileal segment were noticed. As there was no sign of ischemia, the ileal segment was returned to the abdominal cavity. However, since the appendix vermiformis was edematous and a firm mass was palpated in its root, a resection was performed using an 80 mm linear cutting stapler to vizualize a part of cecum wall neighboring the appendix. Then, the hernia sac was reduced a graft-free hernia repair was performed. The patient was discharged on the 5th postoperative day uneventfully. The pathology report revealed a grade I NET infiltrating the periappendicular fatty tissue \[CgA: diffuse (+++), CD56: diffuse (+++), PanCK: focal (+), Ki-67: \<%1, Mucicarmine: negative\]. Since the tumor was close to the cecum wall and infiltrated the periappendicular fatty tissue, right hemicolectomy with ileocolic anastomosis was performed. The histopathological examination of the colon specimen revealed no tumor tissue. The patient was followed by medical oncology and general surgery departments, and remained free of tumor metastasis during the 24-months of follow-up.

3. Discussion {#sec3}
=============

Appendectomy is the most common emergency surgical procedure performed worldwide. Depending on the position of its free end, the appendix vermiformis may have a retrocecal, pelvic, preileal, postileal, subcecal, subileal, or subcecal location. Despite being rare, appendix vermiformis may protrude into natural or iatrogenic openings due to several predisposing risk factors. Appendix vermiformis most commonly protrude into the inguinal (Amyand's hernia) and femoral (De Garengeot\'s hernia) hernia sacs. Albeit rare, it may also protrude into such openings to form obturator hernia, umbilical hernia, spigelian hernia, laparoscopic port site hernia, drain site hernia, incisional hernia, and diaphragmatic hernia.[@bib1]

Amyand\'s hernia was first described in 1735 by the French surgeon Claudius Amyand in an 11-year-old boy; thereafter, this rare entity was registered in his name, i.e Amyand\'s hernia.[@bib1]^,^[@bib3]^,^[@bib8] Although the range of proportion of the Amyand\'s hernia among all inguinal hernias is so wide, i.e between 0.19% and 1.7%, it is mostly below 1%.[@bib2]^,^[@bib3]^,^[@bib8] On the other hand, appendicitis inside an Amyand\'s hernia constitutes 0.07%--0.13% of all appendicitis, nearly around 0.1%. Amyand\'s hernia is seen in all age groups (3 weeks-92 years) and its prevalence in children is three times of that in adults, probably because of the presence of patent processus vaginalis in the pediatric population.[@bib1]^,^[@bib2] Amyand\'s hernia does have a bimodal distribution, one in the newborn period and the other over 70 years of age, and it is more common in men compared to women.[@bib1]^,^[@bib2]

Amyand\'s hernia is mostly an indirect inguinal hernia, however, it may rarely appear as a direct inguinal hernia. Generally, only appendix vermiformis is found inside the hernia sac in children, in the contrary, cecum or other small bowel loops may be found in adults. Amyand\'s hernia is almost always seen in the right inguinal region, but left Amyand\'s hernia may also rarely be encountered. The most common causes of Amyand\'s hernia on the left are mobile cecum, situs inversus totalis, midgut malrotation, or a long appendix vermiformis extending to the left side of the midline.

Amyand\'s hernia usually appears with inguinal swelling that may be spontaneously or manually reduced, and most patients remain asymptomatic for years.[@bib1] Depending on the width of the neck of the hernia sac, blood supply to appendix vermiformis inside the sac may be disrupted, which may cause acute appendicitis, perforation, abscess formation, or peritonitis.[@bib1], [@bib2], [@bib3] Majority of patients with Amyand\'s hernia are urgently operated for a preliminary diagnosis of incarcerated or strangulated hernia, and Amyand\'s hernia is an incidental finding during surgery.[@bib1]^,^[@bib10] Therefore, the role of radiological tools is very limited.[@bib1], [@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10] Cases without an urgent condition may be diagnosed with US or CT.[@bib1], [@bib2], [@bib3] In the presented case, despite similar anatomical descriptions in the official sonographic examination report, the preliminary diagnosis of the consulting radiologist was incarcerated inguinal hernia on the right.

The treatment option depends on the status of the appendix vermiformis (normal, appendicitis, perforation, abscess, apparent peritonitis). The most widely accepted algorithm is proposed by Losanoff and Basson. If the appendix vermiformis inside the hernia sac (Type I) is normal, hernia content should be reduced without performing appendectomy, followed by hernia repair with a suitable mesh.[@bib1], [@bib2], [@bib3], [@bib4] In contrast to that view, some authors advocate the application of appendectomy even if appendix vermiformis appear to be normal, given the risk of acute appendicitis.[@bib1]^,^[@bib4] If acute appendicitis is present inside the hernia sac (Type II), appendectomy must be performed, and the defect should be repaired using one of the primary repair techniques without using a mesh. In contrast to that view, some authors have performed hernia repair without using a mesh, and no infectious complications were observed.[@bib1]^,^[@bib4] Acute appendicitis inside the hernia sac and signs of peritoneal irritation (Type III) necessitate open appendectomy and primary hernia repair without using a mesh.[@bib1]^,^[@bib4] Another approach is performing appendectomy, primary closure of the internal ring during laparotomy, and repairing hernia with a mesh a few weeks later, after the inflammation subsides. For patients with acute appendicitis inside the hernia sac plus another intraabdominal condition (Type IV), the same approach as for Type III is applied. Additionally, adjunctive treatment options are applied depending on intraabdominal pathology.

The most commonly encountered pathological features are normal appendix vermiformis, acute appendicitis, perforated appendicitis, and periappendicular abscess. However, a very limited number of cases of an appendiceal tumoral lesion inside the Amyand\'s hernia sac has been reported in the literature.We encountered 8 case reports while searching the English literature from the PubMed and Google Scholar databases.[@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11] Two cases had carcinoid tumor; two cases had goblet cell carcinoid tumor; two had mucinous cystadenoma; and one case had adenocarcinoma, and one had villous adenoma. The patient diagnosed with adenocarcinoma later underwent right hemicolectomy while the rest of the patients underwent no additional operation considering tumor\'s properties ([Table 1](#tbl1){ref-type="table"}).Table 1Summary of the clinicopathological characteristics of patients with Amyand\'s hernia and an appendiceal tumor in the English literature.Table 1ReferencesYearAgeSexPreliminary DiagnosisHernia SideHernia TypeHernia StatusIntraoperative FindingsChristodoulidis201752MInguinal HerniaRightIndirectIncarceratedAcute AppendicitisYahya2017NANANANANANAAcute AppendicitisElbanna201581MAmyand\'s HerniaRightIndirectIncarceratedAcute AppendicitisReynu201570MInguinal HerniaRightNAStrangulatedAcute AppendicitisNahmias201350MAmyand\'s HerniaRightIndirectStrangulatedAcute AppendicitisShabeeb201062MInguinal HerniaRightIndirectIncarceratedAcute AppendicitisWu201062MInguinal HerniaRightNAIncarceratedAcute AppendicitisSalemis200661MInguinal HerniaRightIndirectStrangulatedAcute Appendicitis (Perforated)SurgeryHernia RepairApproach to AppendixHistopathological EvaluationTm Size (mm)Tm LocationRecurrenceOpenBassiniAppendectomyGoblet Cell Carcinoid22TipNo (12mo)NANANAGoblet Cell CarcinoidNANANAOpenBassiniAppendectomyCarcinoid15TipNAOpenPrimaryAppendectomyMucinous CystadenomaNANANALaparoscopicInternal Ring[a](#tbl1fna){ref-type="table-fn"} ClosureAppendectomyCarcinoid10NANAOpenLichtensteinAppendectomyMucinous Cystadenoma30NANAOpenBassiniAppendectomyAdenocarcinoma[b](#tbl1fnb){ref-type="table-fn"}25NANAOpenShouldiceAppendectomyPerforated App + Villous Adenoma3BaseNo (12 mo)[^1][^2][^3]

Both the above-mentioned classification and oncological principles should be followed during the management of patients with appendiceal tumor inside a hernia sac. Neuroendocrine tumors (NETs) are detected in 0.3--2.27% of the appendectomy specimens in patients operated for suspected acute appendicitis, and 1.8--2.3% of the appendectomy specimens in patients operated for incidental appendicitis.[@bib12] Right hemicolectomy is the most appropriate approach for NETs with mesoappendix invasion, or with a diameter equal to or greater than 20 mm. Among tumors with a diameter ranging between 10 to 19 mm, right hemicolectomy is the most appropriate approach if one or more of the parameters such as mesoappendix invasion, vascular invasion, grade II proliferation, suspected or positive surgical borders, and mixed histology (goblet cell carcinoid, adenocarcinoid) are present.[@bib8]^,^[@bib12] Simple appendectomy would be adequate in NETs of the appendix with no mesoappendix invasion and a diameter of 10--19 mm, and NETs with a diameter of less than 10 mm.[@bib12] The present case was operated with right hemicolectomy since the tumor was in close proximity to the cecum wall, and periappendicular fat tissue was infiltrated.

Right hemicolectomy in the same session, or after the pathology report was declared, is the most appropriate approach for all adenocarcinoma s of the appendix, irrespective of their location and size. Even the appearance is benign, mucoceles should be treated with surgical resection with clean borders, since some of them have been shown to have a potential for malignancy. Hence, while simple appendectomy is adequate for some histological subgroups, such as mucocele\'s retention cyst, mucosal hyperplasia, and cystadenoma, right hemicolectomy is necessary for complicated mucoceles comprising the cecum and terminal ileum, and for mucinous cystadenocarcinomas.

In conclusion, Amyand\'s hernia, and appendiceal tumor inside the hernia sac are two rare clinical entities. The majority of Amyand\'s hernia mimic signs and symptoms of incarcerated inguinal hernia, and, thus, diagnosis is made incidentally during surgery. The basic oncological principles should be followed in the management of tumors inside a hernia sac.
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[^1]: M: Male, NA: Not available.

[^2]: TAPP hernia repair with mesh was performed six weeks after the first operation.

[^3]: Right hemicolectomy was performed a few days after the pathology report was approved.
